Introduction
Adenema hyssopifolium G. Don (Gentianaceae) (AHEAE) is a slender perennial herb of great medicinal value in India. It was reported to possess antidiabetic [1] [2] [3] , antimalarial [4] , hepatoprotective [5, 6] , antitumor [7] and antibacterial activities [8] . The iridoid glycoside swertiamarin isolated from Adenema hyssopifolium holds promise as an antihyperlipedimic agent [9] . Some of the important constituents are betuline, a triterpene sapogenin isolated, secoiridoid glycoside swertiamarin and monoterpene alkaloids enicoflaavin and gentiocrucine [10] [11] [12] [13] . Ethnomedicinal studies of north Gujarat (India) revealed the use of hot aqueous extract of Adenema hyssopifolium by tribal inhabitants for the treatment of diabetes. It is also useful to cure fever, stomach ache, dyspepsia and malaria in interior part of Gujarat [14] . The whole plant is powdered and used traditionally in India for treating tumors, which is referred in the treatise of Siddha system of medicine namely "Siddha Vaidhya Pathartha Guna Vilakam" [15] . The dried Adenema hyssopifolium and pepper can be ground well and mixed in the ratio of 10÷1 and be advocated at a 1 g to assist the retention of foetus [16] . This combination was effective in treating seasonal fever in winter by traditional practitioners of Madurai district, Tamil Nadu, India. This form of therapy although prevalent had not yet been subjected to any scientific validation. Owing to the paucity of data, the present investigation focuses on evaluating the antipyretic activity of ethyl acetate extract of whole plant of Adenema hyssopifolium in brewer's yeast-induced pyrexia rat model.
Objective:
To evaluate the effect of ethyl acetate extract of Adenema hyssopifolium (AHEAE) on normal body temperature and brewer's yeast-induced pyrexia rats. Methods: Preliminary phytochemical tests, acute toxicity tests and antipyretic evaluation were carried out in ethyl acetate extract of Adenema hyssopifolium. Two doses of the extract (300 or 600 mg/kg orally) and standard antipyretic agent, paracetamol at a dose of 150 mg/kg were administered to various group of the rats. Mean rectal temperature before and after treatment was noted. Results: The phytochemical analysis of AHEAE revealed the presence of flavonoid and iridoid glycosides as major phytoconstituents. The administration of AHEAE at a dose of 300 or 600 mg/kg produced significant reduction (P<0.001 and P<0.01) of the body temperature in normal and pyrexia rats on a dose dependent manner. The antipyretic influence of AHEAE was comparable to that of standard antipyretic agent, paracetamol (150 mg/kg), and onset of action and reduction in pyrexia towards normal body temperature was delayed when compared to paracetamol treatment. At dose of 600 mg/kg, AHEAE reduced pyrexia to normal body temperature at 4 h after its administration compared to reduction of pyrexia to normal body temperature at 2 h by standard drug. The reduction of fever was consistent in paracetamol group from 2 to 4 h after its administration to normal body temperature compared to AHEAE treatments. Conclusions: Our present results corroborate with the traditional notion of Adenema hyssopifolium G. DON that is being used as an effective cure of fever and add authenticity to claim of indigenous healers that the taxon is a potential antipyretic agent.
Materials and methods

Plant material
Adhering to traditional practices, whole plants of Adenema hyssopifolium G. Don were collected from Madurai, Tamil Nadu, India. The plant material was authenticated by Dr. D.
Stephen, Taxonomist American College, Madurai, India. The voucher specimen was preserved in our institute herbarium for future reference (R.A. No.15/05). The study material was washed well and air dried for 10 days under shade. The dried plant material was pulverized to coarse material and passed through a No. 40 mesh sieve. The sieved materials were stored in an air tight container.
Preparation of AHEAE
The dried plant materials (1.3 kg) were submitted to sequential maceration with petroleum ether (60-80 曟 ), chloroform, ethyl acetate and ethanol (90%) at room temperature. After each step, the extracts were collected and the solvents were evaporated under reduced pressure using rotary evaporator. The yield of chloroform, ethyl acetate and ethanolic extracts were 3.62, 10.36 and 14.72 w/v respectively. Preliminary phytochemical tests showed the presence of iridoid glycosides [17] , phenols, saponins, tannins and flavonoids [18] in ethyl acetate extract of Adenema hyssopfolium G. Don and hence it was used for the antipyretic evaluation.
Experimental animals
Swiss albino female mice (20-25 g) and Wistar female rats (150-200 g) were obtained from the animal house of Pharmacology Department, Arulmigu Kalasalingam College of Pharmacy, Tamil Nadu, India. The Experimental protocol was approved by the institutional animal ethics committee and entire study involving treatments were according to the norms of committee-for-the-purpose-of-control-andsupervision-of-experiments-on-animals (CPCSEA), New Delhi, India. Animals were maintained under standard laboratory conditions and received standard food pellets with water ad libitum.
Chemicals
Brewer's yeast procured from Himedia Laboratories Pvt. Ltd., Mumbai and pure form of paracetamol obtained from Shasun Chemicals and Drugs Ltd., Pondicherry as gift sample. All other chemicals used for the study were of analytical grade and obtained commercially.
Acute toxicity study
Acute toxicity was performed with different doses of AHEAE according to the method described by Ghosh [19] . Consequent to dosing, the animals were observed with vigil continuously for the first 2 h for behavior and then checked at a regular interval of 6 h through a term of 14 days after AHEAE treatment. Toxic symptoms and mortality were promptly recorded [20] . AHEAE was suspended with 5% gum acacia before administration.
Study design to assess the effect of AHEAE on normal body temperature in rats
Sutar et al [21] method was adopted for the evaluation of AHEAE on normal body temperature. Female rats were divided into three groups of six for each. The initial rectal temperature (0 h) reading was taken from all groups of animals. The body temperature of each rat was measured rectally at predetermined intervals after the administration of 5% v/v aqueous gum acacia to control group and AHEAE (suspended with 5% v/v gum acacia) to the treatment group. Readings were taken up to a duration of 4 h in control and AHEAE (300 or 600 mg/kg) treated animals.
Brewer's yeast-induced pyrexia
Zhao Yongna et al [22] method was adopted for evaluation of antipyretic activity. The temperature was measured using digital thermometer (BD™ Rapid Flex, Becton Dickinson India Pvt. Ltd., New Delhi). After measuring the basal rectal temperature, pyrexia was induced in animals by subcutaneous injection of 15% brewer's yeast (10 mL/kg) suspended in saline solution into back side of below the nape of the neck and injected site is massaged in order to spread. After 19 h of yeast injection, the rectal temperature of each rat was measured using a digital thermometer. Female rats that showed rectal temperature of 38 曟 and above were selected for the antipyretic evaluation.
Study design to assess the effect of AHEAE on brewer's yeast-induced pyrexia rats
Female rats were divided into four groups of six animals each. Group 1 rats received 5% gum acacia served as normal control, group 2 rats received paracetamol (150 mg/ kg) served as standard, group 3 rats received AHEAE at dose of 300 mg/kg, and group 4 rats received AHEAE at dose of 600 mg/kg. The rectal temperature of all groups of rats was recorded up to 4 h using digital thermometer.
Statistical analysis
The data were analyzed for significance using the unpaired two-tailed student's t-test. P values <0.05 were considered as significant.
Results
Acute toxicity study
Acute toxicity results revealed that ethyl acetate extracts up to a dose of 3 000 mg/kg did not show any mortality and toxicity. Hence, to carry out antipyretic evaluation, 300 and 600 mg/kg doses of AHEAE were selected.
Effects of AHEAE on normal body temperature of rats
In normal rats, AHEAE 300 mg/kg produced more significant (P<0.001) reduction in normal temperature at 1, 3 and 4 h compared to control animals ( Table 1) .
Administration of AHEAE after 2 h produced less significant reduction in temperature compared to control animals (P<0.01). Meanwhile, the treatment of AHEAE with the dose of 600 mg/kg showed more significant reduction in normal body temperature at 2 to 4 h compared to control animals (P<0.001). Both doses of AHEAE effectively reduced normal body temperature from 1 to 4 h after administration. Table 2 showed the significant elevation of body temperature in yeast-induced pyrexia rats at 19 h compared to rats of the control group at 0 h. Table 1 Effect of AHEAE on normal body temperature (n=6) ( 曟 ) (mean 依 SE).
Effects of AHEAE on yeast-induced pyrexia rats
Group
Rectal temperaturebefore and after treatment 0 The reduction of elevated body temperature in AHEAE treatment groups both at the doses of 300 or 600 mg/kg were observed from 1 to 4 h after administration when compared to control animals. AHEAE at dose of 300 mg/kg reduced body temperature more significantly at 3 to 4 h (P<0.001) compared to 1 to 2 h (P<0.01) after administration than control animals. At the same time, treatment of AHEAE at dose of 600 mg/kg showed more significant reduction in elevated temperature at 2 to 4 h (P<0.001) compared to 1 h (P<0.01) than control animals. The standard drug and paracetamol reduced pyrexia more significantlyas well as consistently from 1 to 4 h compared to control animals (P<0.001). Thus the treatment of AHEAE showed dose dependent effect in the brewer's yeast-induced pyrexia rats.
Discussion
Pyrexia may be due to the infection or one of the sequence of tissue damage, inflammation, graft rejection or other diseased states [23] . The enhanced formation of proinflammatory mediators (cytokines like interleukin 1 毬 , 毩, 毬 and TNF-毩) increases the synthesis of prostaglandin E 2 (PGE 2 ) near the pre-optic hypothalamus area, and it leads to triggering the hypothalamus to elevate the body temperature due to the infected or damaged tissue [24] . Currently, paracetamol and non-steroidal anti-inflammatory drugs (NSAIDs) are commonly prescribed to treat fever. These agents inhibit cyclooxegenase 2 (COX-2) to decrease the body temperature by inhibiting PGE 2 biosynthesis. These drugs causes toxic effects to the liver cells, glomeruli, cortex of brain and heart muscles due to inhibition of COX-2, but natural COX-2 inhibitors have lower selectivity with fewer side effects [25] . Recently, search for new drugs from plant sources or herbal formulations with potent antipyretic activity have received more attention due to the toxic nature of the existing antipyretic and anti-inflammatory agents [26] . Therefore, there is an urge for the search of a natural antipyretic agent with reduced or no toxicity to treat fever effectively.
The study results showed that ethyl acetate extract of Adenema hyssopifolium possess significant reduction in normal body temperature and brewer's yeast-induced pyrexia in rats on a dose dependent manner. At a dose of AHEAE 600 mg/kg showed significant temperature reduction in pyrexia rats from 2 to 4 h. Also, administration of AHEAE at dose of 300 mg/kg reduced elevated body temperature more significantly at 3 and 4 h. The antipyretic action of AHEAE may be due to the inhibition of the synthesis of PGE 2 in pyrexia rats. Flavonoids were reported for its antipyretic activity and iridoid glycoside was reported for its analgesic and antiphlogistic activities [27, 28] .
In conclusion, for the first time, the present finding revealed that AHEAE possess significant antipyretic activity in yeast-induced pyrexia rats and it supports the folklore use of Adenema hyssopifolium in the treatment of fever. The antipyretic action may be due to the presence of flavonoids and iridoid glycoside in the ethyl acetate extract of this plant. Further detailed studies are in progress to determine the mechanism of action of this plant for its antipyretic activity.
